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INTRODUCTION

Glacier Bay, located in southeastern Alaska, was completely ice covered
about 200 years ago (Goldthwait, 1963). The retreat of the ice field,
accompanied by intrusion of ocean water into the deeply carved, formerly ice-
filled valleys, has resulted in a magnificent fjord system that is composed of
multiple inlets.

Tarr Inlet is located in the northwestern corner of Glacier Bay (see
index map). This inlet, which was completely filled by Grand Pacific Glacier
as late as 1892 (American Geographical Society, 1966), is approximately 15 km
long, 2 to 4 km wide, and reaches a maximum depth of about 350 m at its mouth.

This Tarr Inlet map is one of a series planned to illustrate the relation
of sediment thickness to fjord bathymetry in the Glacier Bay inlets. A second
purpose of this report is to show characteristic seismic-reflection profiles
obtained from fjord basins with extremely high sediment accumulation rates. A
third purpose is to speculate about the depositional processes active in Tarr
Inlet.

Geologic Setting

The bedrock geology of the Glacier Bay area is very complex, including
igneous and metasedimentary rocks that range in age from early Paleozoic to
Holocene, but most are older than middle Tertiary (Brew and others, 1978). 1In
the Tarr Inlet area, Brew and Morrell (1978) delineate a 5- to 12-km-wide zone
of complex geology between two very different petrologic provinces
(predominantly metamorphic to the west and intrusive to the east). They have
named this the Tarr Inlet suture zone and attribute it to a pre-middle
Cretaceous collision of two parts of the Alexander terrane. The eastern edge
of this suture zone, as mapped by Brew and Morrell (1978, p. B 89), extends
south from Grand Pacific Glacier through the upper two-thirds of Tarr Inlet;
at this point, the suture boundary crosses the shoreline and continues south
for at least another 80 km.

Glacial History

Although the oldest glacial deposits known from Glacier Bay are of late
Wisconsin age (older than 10,940 # 150 yrs B.P.; McKenzie and Goldthwait,
1971), glaciers covered much of the eastern Gulf of Alaska coastline as early
as middle Miocene time' (Plafker and Addicott, 1976). Thus, the area known
today as Glacier Bay may have been affected by glaciation throughout the last
12-15 million years. In late Wisconsin time ice filled Glacier Bay, reaching
a height of about 1200 m in the northern part (McKenzie and Goldthwait,

1971). The ice apparently extended through Icy Strait, out Cross Sound, and
onto the continental shelf. According to Goldthwait (1963, p. 37), there
followed a four-phase glacial history in Glacier Bay: (1) retreat of the ice
about 11,000 years ago to near its present position; (2) a 5,000-yr-long warm
period (Hypsithermal); (3) a lesser glacial advance lasting about 2,000 years
(Little Ice Age); and (4) the rapid retreat of the glaciers in the past 200

years.

Methods

We conducted a high-resolution seismic-reflection cruise of Glacier Bay
on the U.S.G.S. R/V Growler in 1978. On that cruise we ran about 700 km of,
seismic lines and obtained coverage in most of the inlets (Carlson and others,
1979). The seismic-reflection records collected in Tarr Inlet were obtained
with a 500-Joule minisparker power source fired at repetition rates of 1/2 to
1 second and filtered at 400-800 Hz. Gravity cores and grab samples were
collected in Tarr Inlet on cruises of the USGS Sea Sounder (S-11-79), the
NOAA Ship Discoverer (DC-2-79), and the USNPS M/V _Nunatak (N-1-80). One
seafloor television station was occupied in Tarr Inlet on cruise S-11-79.
Radar was used for navigation on all cruises in Glacier Bay.

RESULTS

The bathymetric map and seismic profiles of Tarr Inlet show the flatness
of the floor of this large fjord. The axial gradient from glacier face to
inlet mouth is 0°30'; however, the gradient along the first kilometer from the
glacier is 2°35' compared to a gradient of 0°09' in the lower half of the
fjord. (Note variation in slope along profile D-D'). The steep bedrock walls
of the fjord, above the flat-floored sediment fill, range in gradient from 6°
to 45°. The high-resolution seismic-reflection records show that the steep
gradients of the bedrock walls sometimes persist nearly to the thalweg of the
bedrock channel (see profiles A-A' and B-B').

The positions and dates of Grand Pacific Glacier termini during the past
90 years (modified from American Geographic Society, 1966) are also plotted on
the bathymetric map. The glacier retreated about 20 km in 33 yr (1892-1925),
an average rate of retreat of ~ 0.60 km/yr. Between 1892 and 1907, however,
the rate was about 0.93 km/yr, and between 1907 and 1925, about 0.40 km/yr.
Since 1925 Grand Pacific Glacier has advanced about 3 km, at an average rate
of 0.06 km/yr.

The map of sediment thickness shows two elongate depressions delineated
by the 80-m isopach. Each large depression contains three variable-sized
depressions where the unconsolidated sediment has attained thicknesses of more
than 140 m, and in one case more than 160 m. The irregularity of the acoustic
basement can be seen in profile D-D'. The axial gradient from the glacier
face to the bottom of the first large depression is 2°19'. The gradients from
the buried ridge that separates the large depressions are 4°34' on the
northwest side and 2°19' on the southeast side of the ridge. This buried
ridge, located 6.5 km down inlet from the glacier face, is buried by a minimum
of 70 m of sediment (profile D-D', ~ 1512 hrs.).

The seismic profiles collected in Tarr Inlet show several types of
reflectors. The bedrock reflector in profile C-C' from the upper one-third of

the fjord is typical of the profiles from this inlet. C-C' shows the steep
bedrock walls.and more than 100 m thickness of fill that is characterized by
broken, disrupted, and irregular reflectors. These same irregular reflectors
can be seen in the left part of profile D-D'. Profiles B-B' and A-A' from the
lower one-half of the fjord show very different reflectors in the
unconsolidated sediment fill that has attained thicknesses of about 150 m in
both profiles. Similar reflector characteristics can be seen in the right
half of profile D-D'. Of special note in profiles A-A' and B-B' is the
seismic character of the reflectors from the northeast wall of the inlet. The
gently dipping, well-bedded reflectors that underlie the northeast wall are
abruptly truncated at the edge of the modern fjord valley. The northeast wall
of the inlet above sea level, between A' and B', is covered by sand and gravel
of coalescing alluvial fans. However, along the shore line of the inlet near
other alluvial fans, seismic profiles do not show these well-bedded
reflectors. We have attempted to core this well-bedded unit. Grab samples
and one successful short core (28 cm long) showed a sediment sequence of
relatively thin (5-10 cm thick) layers of coarse sand and gravel interbedded
with thin layers of medium-to-fine sand. We positioned a seafloor television
camera station, also on the northeast wall of the fjord between A' and B',
that showed the surficial sediment on the fjord wall to be a pebbly, muddy
sand with occasional large cobbles and boulders.

Powell (1980) describes sediment in Tarr Inlet near Grand Pacific and
Margerie Glaciers as gravel and sand on the delta foreslopes off the eastern
marginal stream and in areas along the rest of the glacier fronts. Diamicton
accumulates in front of the western marginal stream and in some areas off
glacier fronts. Gravity cores collected in the lower part of the inlet in
1979 contained very fine sandy mud interspersed with a few thin, graded,
medium to fine sand to silt layers and occasional pebbles.

DISCUSSION

Rates of sediment accumulation can be estimated for different parts of
the inlet based on thickness of sediment measured on the seismic profiles and
an assumed constant rate of retreat of the glacier front between known dates
of occupation by the glacier terminus. At the mouth of the inlet, the
sediment in the center of the fjord is about 60 m thick. The glacier terminus
occupied this position about 1895. These figures were used to calculate a
rate of accumulation of about 0.75 m/yr. The thickest sediment (> 160 m) is
located just down inlet from the 1907 terminal position. The rate of
accumulation of sediment in this depression has averaged about 2.36 m/yr. If
we assume a rate of retreat of Grand Pacific Glacier of 0.4 km/yr between 1907
and 1925, the rate of sediment accumulation 2 km from the present ice face
would be about 8.33 m/yr.

The type of post-Little Ice Age sediment cored in Tarr Inlet and the
seismic character of the reflectors suggest sedimentary processes that have
been active in this natural laboratory. The coarse debris deposited near the
face of Grand Pacific Glacier, together with the rough, irregular floor of the
fjord and the broken or disrupted seismic reflectors, indicate abundant
slumping or sliding of the coarse material supplied by the glacier and the
attendant melt-water streams. Some of the coarse sands and gravels are
deposited by the melt-water marginal glacier streams as deltaic fore-set beds
as the delta progrades into the inlet. The diamicton that is found along much
of the active face of the glacier is thought by Powell (1980) to have been
deposited in three ways: (1) near the outwash streams the incoming glacial
flour mixed with dropstones that fell from recently calved icebergs; (2) when
the ice last covered the sample site, subglacial till was deposited; and (3)
the buildup of coarse debris from the recently retredted glacier is unstable
and can undergo subaqueous slides and slumps.

The sediment located on the flat floor of the fjord away from the present
glacier terminus was probably deposited by three different processes. (1) The
flat, continuous seismic reflectors and the graded sand layers present in some
cores point to a turbidity current mode of deposition. These turbidity
currents were probably activated by slumps or debris flows from the fjord
walls or from the coarse debris that continuously accumulates as a morainal
bank near the face of the actively calving Grand Pacific and Margerie
Glaciers. (2) The mud that separates the turbidites and makes up the greatest
percentage of the cores was probably deposited as particle-by-particle
settling of the glacial flour that is carried into the fjord in high
concentrations by numerous melt-water streams. Concentrations of suspended
matter greater than 1 g/L have been measured for melt-water streams entering
Glacier Bay (Hoskin and Burrell, 1972). (3) The isolated pebble or cobble is
carried to its site of deposition by one of the numerous icebergs or bergy
bits that can be found throughout the inlet.

The slightly dipping, well-bedded reflectors present on the northeast
wall of the inlet at A' and B' represent an older sedimentary unit than the
unit that is currently filling the center of the fjord. Note the sharp
truncation at both sides of this gently dipping unit. The truncation at the
right side of the unit marks the outline of the bedrock wall of the fjord. We
offer two possible explanations for the mode of origin of this truncated,
well-bedded unit. This unit could be glaciofluvial sands and gravels that
were deposited as an ice-marginal terrace along the edge of Grand Pacific
Glacier when the glacier filled Tarr Inlet. The ice withdrew and the post-
neoglacial sediment was deposited in the fjord basins over the past 90
years. An alternate explanation is that sediment from an older advance of
Grand Pacific Glacier may have filled the bedrock fjord and the present fjord
could have been carved out by the most recent readvance of the glacier.
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